This experiment was conducted to evaluate the effects of feeding different levels of lacquer (Rhus verniciflua Stokes) meal on the growth performance, carcass traits, fatty acid profile and meat quality of longissmuss dorsi (LD) muscle in finishing pigs. Pigs (n = 117; Landrace×Yorkshire×Duroc; initial body weight 80±0.4 kg) were allotted to three dietary treatments and fed lacquer at 0, 2 and 4% of the diet for five weeks. Inclusion of lacquer meal in the diets of pigs had no influence on their growth performance, carcass yield, loin eye area and fat free lean; however, pigs fed lacquer diets had lower backfat (linear, p = 0.006; quadratic, p = 0.004). Pigs fed increasing levels of lacquer meal had lower moisture (linear, p<0.001; quadratic, p = 0.008), crude fat (linear, p<0.001) and crude protein (linear, p<0.001; quadratic, p = 0.002) in LD muscle. The LD muscle of pigs fed lacquer meal had lower pH (linear and quadratic, p<0.05) at 6, 8 and 10 days, and linearly lower thio-barbituric acid reactive substances (TBARS, p<0.01) at 8 and 10 days and water holding capacity (WHC, p<0.05) at 3, 6, 8 and 10 days. The fatty acid composition of LD muscle revealed linearly lower stearic (p = 0.034) and total saturated fatty acid (p = 0.049) with increasing dietary lacquer meal levels. In general, higher lightness, redness and yellowness values were observed in LD muscle of pigs fed 2% lacquer meal on day 0 and subsequently on 3, 6, 8 and 10 days of refrigerated storage. The results of the current study suggest that lacquer meal can be incorporated up to 4% in the diet of finishing pigs without any adverse effects on performance; moreover, improvements in the meat quality during refrigerated storage can be obtained by inclusion of lacquer meal in the diet of finishing pigs.
INTRODUCTION
Lacquer (Rhus verniciflua) belongs to Anacardiaceae family and it grows widely in Asian countries. Traditionally lacquer has been used as medicine (Lee et al., 2003) for the treatment of gastritis, stomach cancer and arteriosclerosis (Jung, 1998) and for the protection of antiquities (Kim, 1996) in Japan, China and Korea for thousands of years. The sap of lacquer tree is composed of urushiol (60-65%), glycoprotein (2.1-1.8%), flavonoids (1-2%), gummy substance (6-7%) which contains laccase (0.24%), stellacyanin, polysaccharides, peroxidase and water (Yang et al., 2002) . The sap contains three different molecules with laccase enzyme activity and each enzyme has four copper atoms per molecule (Wan et al., 2006) .
The stem bark of Rhus contains high levels of urushiols, which are responsible for allergic reactions, but its heartwood is devoid of urushiols, and hence this part is being used as a tonic against cancer and for removing the intoxication of smoking or lingering (Park et al., 2004) . The ethanol extract of Rhus verniciflua Stokes (RVS) had antioxidant effect against hydroxyl radicals (Lee et al., 2001) , antiproliferative activity against human cancer cell lines (Kitts and Lim, 2001 ) and augmented the activity of cell-associated detoxifying enzymes in hepatocytes (Lim et al., 2000) .
Improvements in the quality and extended storage life of meat obtained from Hanwoo cattle fed with RVS were reported by Kim et al. (2006) . Lacquer supplementation infat digestibility and reduced serum cholesterol and triglyceride (Lohakare et al., 2006) . However, there is no information on the use of lacquer meal in the diet of pigs. Thus we hypothesized that lacquer meal added to the diet of finishing pigs might affect its carcass and meat quality traits. Hence, the present study was conducted to evaluate the effects of incorporating different levels of lacquer meal in the diet on the performance, carcass characteristics, fatty acid composition and meat quality during refrigerated storage in finishing pigs.
MATERIALS AND METHODS

Lacquer meal
Lacquer meal was obtained from Gapyeong Livestock Company, Gapyeong-gun, Gyeonggi-do, Korea. The stem bark and heartwood of lacquer tree were sun-dried and then processed to sawdust by an electrical mill. This sawdust was then passed through 2-3 mm mesh-screen and the lacquer meal was obtained and added to the diet of finishing pigs.
Animals, their diets and management
In this study, 117 pigs (Landrace×Yorkshire×Duroc; 80 ±0.4 kg average initial body weight) of mixed sex (63 males and 54 females) were randomly allotted to nine pens (comprising 13 pigs per pen; 7 males and 6 females), on the basis of their body weight and sex. Pens were randomly allotted to one of the following dietary treatments: (1) Control (0% lacquer meal), (2) 2% lacquer meal (by weight) and (3) 4% lacquer meal. The experimental feeding was conducted for 5 weeks. Iso-energetic and isonitrogenous diets were formulated to contain 3,300 kcal/kg ME and 0.95% lysine (Table 1 ). All the diets met or exceeded the nutrient requirements as suggested by NRC (1998).
Pigs were housed in partially slotted and concrete floor pens having a pen size of 3.50 m×3.50 m, that were equipped with a self-feeder and nipple waterer to allow ad libitum access to feed and water. The study underwent proper ethical standards and was approved by the Institutional Animal Care and Use Committee of Kangwon National University.
Experimental procedures and measurements
Individual pig weight and feed consumption per pen were measured to calculate the average daily gain (ADG), average daily feed intake (ADFI) and feed:gain ratio (F/G) during the experimental period. At the end of the experimental feeding, six pigs (3 males and females, respectively) from each pen reflecting average body weights were slaughtered by electrical stunning and exsanguination at a commercial slaughter house. The carcass traits were obtained from the left side of the carcass after a 24 h chill at 4°C. Hot carcass weight was collected for determination of dressing percentage, and conventional carcass measurements (loin eye area and backfat thickness). Dressing percentage was determined by the following equation: (hot carcass weight/ final live weight)×100. Loin eye area was determined by tracing the longissimus muscle surface area at the 10 th rib and by using a compensating polar planimeter. Backfat thickness was determined by measuring the fat thickness at the 10 th rib, three-quarters of the lateral length of the longissimus muscle perpendicular to the outer skin surface. Fat free lean percent was estimated using NPPC (1991) equation.
After 24 h chilling of carcass at 4°C, the right longissmuss dorsi (LD) muscle was removed and brought to the laboratory to determine the chemical composition, meat quality and fatty acid composition. In the laboratory the LD muscle were trimmed of fat and then sectioned into 2.54 cm chops and packed using polyethylene wrap film (oxygen transmission rate 35.723 cc/m 2 ⋅atm, thickness 0.01 mm, 3M
Co., Korea). The loins for the analysis of chemical and fatty acid composition were stored at -30°C, while those to be used for the analysis of meat quality and objective color score were subjected to refrigerated storage at 3±1°C for 3, 6, 8 and 10 days. Also a section of loins were utilized for the analysis of meat quality (pH, TBARS and WHC) and color scores to obtain 0 day values (24 h postmortem). Minolta CR-310 (Yasuda Seiko Co., Japan) was used to determine the objective color score in terms of lightness (L*), redness (a*) and yellowness (b*) at day 0, 3, 6, 8 and 10 days of refrigerated storage (Park et al., 2007) . The surface color of loins was measured through the packaging film following calibration against a white tile covered with the same film. Individual packages were used for repeated measurements and remained intact during the entire storage period. The pH was determined by using a pH meter (F-12, Horiba, Japan). The WHC was measured by the filter-paper press method of Grau and Hamm (1953) , while the TBARS assay was performed as described by Sinnhuber and Yu (1977) .
Fatty acid composition
Total fat for fatty acid analysis was extracted according to the method of Folch et al. (1957) . All samples were then methylated in the presence of sodium methylate (2 N) and 25% boron trifluoride according to the procedure of AOAC (1995) . Fatty acid methyl esters were separated and quantified using an Agilent 6890N gas chromatograph (Agilent Technologies, USA) equipped with a flame ionisation detector.
The column used for separation of fatty acid methyl esters was a HP-Innowax column (30 m length×0.32 mm i.d. ×0.25 μm film thickness). Helium was used as carrier gas at a pressure of 30 psi. The oven temperature was initially held at 150°C for 1 min then increased at 3°C/min to 250°C and held for 5 min. The injector (split mode) and detector temperatures were maintained at 260 and 280°C, respectively. Methyl esters were identified by comparison with the retention times of pure standards and reported as percentage of total fatty acids.
Chemical analyses
Representative samples of lacquer meal and LD muscle (minced samples) in triplicates were analyzed by proximate analysis for moisture, crude protein, crude fat, and ash according to AOAC (2000) methods.
Statistical analyses
The data generated was analyzed as randomized complete block using the general linear model procedure of SAS (SAS Inst., Inc., Cary, NC). The treatments were the main effects. Pen was the experimental unit for statistical analysis. The initial and final weights were included in the model as covariates for growth performance data, whereas the final weight was used as a covariate for carcass traits. Orthogonal polynoms were used to evaluate the effect of increasing lacquer meal levels in the diet of finishing pigs. All statements of significance were based on probability p<0.05.
RESULTS AND DISCUSSION
Performance, carcass characteristics and chemical composition of LD muscle
There were no differences (p>0.05) in the growth performance when compared among Control and lacquer meal fed pigs (Table 2) . These results are consistent with those of Lohakare et al. (2006) , who failed to observe any improvements in the growth performance of broilers fed with 2 or 4% lacquer diets. Our findings demonstrate that addition of lacquer meal in the diets of finishing pigs had no detrimental effect and the palatability of diets was comparable with Control diet as there were no differences in the feed intake. The backfat thickness was decreased (linear, p = 0.006; quadratic, p = 0.004) as the level of lacquer meal in the diet was increased; while, carcass yield, loin eye area and fat free lean remained unaffected (Table 2 ). In line with our findings, Kim et al. (2006) had also noted reductions in the lipid content in longissimus muscle obtained from Hanwoo cattle that were fed diets containing 6% lacquer meal. However, Lohakare et al. (2006) did not observe any changes in the carcass characteristics of broilers fed with lacquer diets, although they had reported non-significant reduction in the abdominal fat.
The compositional analysis of LD muscle revealed an increase in the moisture contents (linear, p<0.001; quadratic, p = 0.008) and decrease in the crude protein (linear, p<0.001; quadratic, p = 0.002) and crude fat (linear, p<0.001) contents in LD muscle of pigs fed with lacquer meal, while no differences were observed in the crude ash contents of LD muscle ( Table 2 ). The lipid content in the longissimus muscle of Hanwoo cattle fed 6% lacquer diet was lower than those fed with Control diets (Kim et al., 2006) . These results suggest that addition of lacquer meal was effective in lowering the lipids in muscle. The effects towards lowering backfat thickness and fat content in the LD muscle of lacquer meal added diets might be due to the flavonoid content of these diets. Lee et al. (2002) purified the fraction of ethanol extract of RVS and identified the existence of flavonoid derivatives. Supplementation with flavonoid to the diets resulted in reduced plasma total cholesterol possibly either by inhibition of HMG-CoA reductase activity or increased excretion of fecal bile acid and cholesterol (Yang and Koo, 2000; Zou et al., 2005) .
Meat quality and muscle color
Poor color and inadequate WHC were the main quality concerns identified by all members of the pork marketing chain (Cannon et al., 1996) . Many factors affect the quality of meat such as genetics, farm handling, slaughter techniques and nutrition. Lipid oxidation is a major cause of deterioration in the quality of muscle foods and can directly affect quality characteristics such as flavor, color, texture, nutritive value and safety of the food (Buckley et al., 1995) .
Normally, pH declines gradually from 7.4 in living muscle to roughly 5.6-5.7 within 6-8 h of postmortem and then has an ultimate pH at 24 h of about 5.3-5.7 (Briskey and Wismer-Pedersen, 1961) . In our study the 0 day (24 h postmortem) pH values were around 5.5 and were well within the suggested range. The pH values of LD muscle of pigs fed lacquer meal showed no differences at 0 day (24 hours postmortem) and 3 days of refrigerated storage; however, the pH values on day 6, 8 and 10 of refrigerated storage were decreased (linear and quadratic, p<0.05) with an increase in dietary lacquer meal inclusion (Table 3) .
The TBARS values of loins showed no differences up to 6 days of refrigerated storage, but on 8 and 10 day of storage, loins from pigs fed with lacquer meal diets showed linearly (p<0.01) lower TBARS values (Table 3 ). The WHC of loins obtained from finishing pigs fed lacquer meal diets was also linearly lower during 3, 6, 8 and 10 days of refrigerated storage at 3±1°C (Table 3) . Similar reductions in the TBARS values during refrigerated storage were reported by Kim et al. (2006) in longissimus muscle of Hanwoo cattle. Thus our results suggest that incorporation of lacquer meal in the diets of finishing pigs improves the meat quality during refrigerated storage at 3±1°C by reducing the pH, lipid oxidation and WHC. A lower pH denatures myofibrillar proteins and consequently, they bind less water (Hamm, 1986) . The decreasing pH of loins in pigs fed lacquer diets might partially explain the lower WHC values. The objective color score of loins is presented is Table 4 . Loins obtained from pigs fed with 2% lacquer meal diets were lighter on 0 day (quadratic, p<0.01), and also on 6, 8 and 10 days of refrigerated storage as evidenced by higher L* values. Chops from loins of pigs fed 2% lacquer meal diets were also redder at day 0 (p<0.001) and 10 (linear and quadratic; p<0.001). Similarly, the loins from pigs fed 2% lacquer meal diets were more yellow (p<0.001) at 0, 6 and 10 days of refrigerated storage. In contradiction with the findings of our study, Lokakare et al. (2006) did not notice any changes in the subjective color scores of L*, a* and b* in the breast meat of broilers at 3 and 5 weeks of storage. The loss of redness of meat during storage is caused by oxidation of the bright pinkish-red oxymyoglobin to the brown metmyoglobin. Improved oxidative stability may reduce the rate of that oxidation and preserve the red color for a longer time during storage.
Various researchers have screened the antioxidant activity of Rhus verniciflua Stokes by using different solvent extractions. Free phenolic acid fraction (200 ppm) of chloroform extracts from 75% ethanol extract of Rhus verniciflua Stoke (RVS) was reported to have strong antioxidant activity and the major active components were found to be gallic acid, butin, and butein (Kim et al., 1999) , while Park et al. (2002) had observed ethanol extracts of Rhus verniciflua Stoke to have strong antioxidant properties on Yukwa base during storage. The crude ethanol extract from RVS was also found to have inhibitory effects against oxidation of cholesterol and CT-26-induced tumor growth, as well as scavenging ability against reactive oxidants in chemical reaction assay (Lee et al., 1999) . The enzyme laccase (benzenediol: oxidoreductase, EC 1.10.3.2) that is present in the sap of lacquer is a copper containing enzyme. Laccase has an affinity to catalyse the reduction of molecular oxygen, and the affinity of strong oxidation directly producing water without hydrogen peroxide as an intermediate of the reaction (Yaropolov et al., 1994) . Darker and less yellow loins from pigs fed lacquer meal might also be related to the antioxidant component flavonoid present in lacquer meal. In line with the findings of the present study, significant improvements in a* and lower L* values have been reported in pigs supplemented with α-tocopherol (Dirinck et al., 1996; Mason et al., 2005) , whereby suggesting that antioxidants might influence the meat color. Larrain et al. (2008) had also noticed alterations in the time course changes of color measurements in bacon of pigs fed flavonoid rich cranberry diet.
Fatty acid composition
The palmitic acid concentration was found to be lowest (p<0.01) in loins of pigs fed 2% lacquer meal, while there was a linear decrease in the concentrations of stearic acid (p<0.05) and total saturated fatty acid (p<0.05) with an increase in the level of lacquer meal in the diet of finishing pigs (Table 5) . However, no differences (p>0.05) in the concentrations of other fatty acids, total mono-unsaturated, unsaturated and MUFA/SFA ratio among dietary lacquer treatments were noted. The reductions in the levels of stearic, palmitic and total saturated fatty acids in our study agree with the findings of Kim et al. (2006) . However, Kim et al. (2006) had also reported significantly higher proportions of monounsaturated (C18:1), polyunsaturated fatty acid and ratio of monounsaturated: saturated fatty acids in the meat of lacquer supplemented Hanwoo cattle which differed from the findings of the present study. Yang et al. (2007) had observed decreased palmitoleic acid and increased arachidonic acid in the yolk of layers fed with 1.5 and 3% lacquer meal, while layers fed with 1.5% lacquer meal had higher linolenic and linolenic acid in their yolk. These discrepancies in the findings of fatty acid may be attributed to species differences. Conclusively, the results of our study suggest that lacquer meal can be incorporated up to 4% in the diet of finishing pigs without any adverse effects on performance; moreover, reductions in backfat and improvements in the meat quality during refrigerated storage can be obtained by inclusion of lacquer meal in the diet of finishing pigs. 
